Adsorption
Most clay minerals have a net charge on their surface (usually negative). This surface charge arises from:
1- isomorphous substitutions as in illite

2- lattice imperfections as in smectites

3- broken or unsatisfied bonds that arise from the large surface area that characterizes these clay minerals.

These surface charges (coupled with the clay minerals’ large surface areas) allow the clay minerals to adsorb ions (usually cations) to their surface, possibly by a mechanism as that shown in Figs. 1c and 2b & c. This allows the clay minerals to act like catalysts for many chemical reactions, and to exchange ions with their surroundings.

Definitions:

Colloids

Suspension or sol

Emulsion

Aerosol

Agglomeration

Flocculation

Hydrophilic

Hydrophobic

Gel

Sorbent

Sorbate

Surface site density “Ns”: defined as # of sites available for sorption per area or weight of sorbent. This is also known as exchange capacity when expressed in meq (of sorbate)/100g of sorbent.
The exchange capacity is either cation exchange capacity or anion exchange capacity, depending on the original charge on the surface of the sorbent. 

Factors affecting exchange capacity (and sorption in general):

1- size: CEC decreases with increasing particle size.
2- charge and radius of sorbate
3- solvation and complexing: generally increase sorption
4- pH of solution: metal adsorption decreases with decreasing pH.
5- type of sorbent

6- concentration of ion in solution

7- presence of organic compounds

Note that clay minerals typically have a negative charge, hence a cation exchange capacity (CEC). This CEC varies from one mineral to another (Table 1).

CEC can be estimated from the net negative charge on the mineral, although this will always be an underestimate as it does not include charges caused by broken bonds.

Isoelectric point and zero point charge:

The effect of pH on CEC is best understood in the context of H+ being adsorbed on the surface of clay minerals to neutralize the charge. The isoelectric point is therefore that pH at which the mineral surface acquires zero charge. Table 2 shows values of isoelectric points for selected colloids.
In an electrolyte solution with different ions, the isoelectric point is termed “zero point charge”. 

Sorbing surface sites 

Sorbing surface sites = Ns. SA .Cs/NA

where SA is the surface area/ weight of sorbent, Cs is the weight of sorbent/ liter of solution, and NA is Avogadro’s number.
Metal adsorption tendency

Follows the Irving – Williams order:

Pb>Cu>Cd>Zn>Ni>Co>Fe>Mn>Ca

Adsorption isotherms:
Are plots of wt adsorbed/ wt of sorbent vs. sorbate concentration (Fig. 3). They all show that the highest % of sorption is attained at low concentrations of sorbate. Also note the “breakthrough concentration”. They are typically modeled by two equations: 

1- Freundlich isotherm equation

X/m = KCn
where X is wt of sorbate, m wt of sorbent, K and n are constants, and C is the concentration of the sorbate.

If n = 1, K becomes a distribution coefficient (kd).

2- Langmuir isotherm equation
X/m =aC/(1+bC) = bCNmax/1=bC

where a and b are constants, Nmax is the maximum possible sorption by a solid.

This leads to the definition of Kexchange:

Kex = [B](AXn)/[A](BXn)
n increases with decreasing trace ion concentrations (Table 3).
Electrostatic models of adsorption or surface complexation:
1- Constant capacitance 

2- Diffuse layer (Fig. 4).
3- Triple layer

· Surface charge declines rapidly away from sorbent surface

· Presence of electrical charges on surfaces of colloidal particles prevents them from settling

· Clays remain suspended in dilute electrolyte solutions, however, in solutions with high ionic strength, flocculation is expected.

